Atmospheric Environment Change Monitoring by Active and Passive Optical Methods by KIM, Young J. et al.
Atmospheric Environment Change Monitoring by Active and Passive Optical Methods 
Young J. Kim, Young Min Noh, Hanlim Lee 
Advanced Environmental Monitoring Research Center (ADEMRC) 
Department of Environmental Science and Engineering 
Gwangju Institute of Science and Technology (GIST) 
1 Oryong-dong, Buk-gu, Gwangju 500-712, Republic of Korea 
Tel: +82-62-970-3401 Fax: +82-62-970-3404 Email: yjkim@gist.ac.kr 
Abstract 
Integrated approach has been adopted at the ADvanced Environmental Research Center (ADEMRC), 
Gwan釘uInstitute of Science and Technology (GIST), Korea for effective monitoring of atmospheric environment. 
Various active and passive optical remote sensing techniques such as multi-wavelength (313 + 2a) Raman LIDAR, 
sun-photometry, MAX-DOAS, and satellite monitoring have been utilized. This integrated monitoring system 
approach combined with in-situ surface measurement is to allow better characterization of physical and optical 
properties of atmospheric aerosol. Atmospheric environmental change monitoring has been conducted by 
measuring trace gases and aerosol in urban areas including Seoul, Gwangju, and Beijing as well as in remote areas 
such as volcanic sites and coastal areas. 
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1. Introduction 
The Korean peninsular located downwind of major 
emission source regions is vulnerable to not only its local 
emission but also largely to long-range transported air 
pollutants. Though air pollutants including aerosol causes 
adverse effects on human heath and climate change, our 
scientific understanding of radiative effects of those 
atmospheric species are stil low and need be ftuther 
investigated. Therefore characterization of physical, 
chemical, and optical properties of atmospheric aerosols 
and air pollutants over Korean peninsula and their effects 
on regional air quality and climate change is of scientific 
importance. Integrated approach has been adopted at the 
ADvanced Environmental Research Center (ADEMRC), 
Gwangju Institute of Science and Technology (GIST), 
Korea for effective monitoring of atmospheric 
environment. Various active and passive optical remote 
sensing techniques such as multi-wavelength (3p + 2a) 
Raman LIDAR, sun-photometry, M心C-DOAS, and 
satelite monitoring have been utilized. This integrated 
monitoring system approach combined with in-situ 
s面acemeasurement is to allow better characterization of 
physical and optical properties of atmospheric aerosol. 
Atmospheric environmental change monitoring has been 
conducted by measuring trace gases and aerosol in urban 
areas including Seoul, Gwangju, and Beijing as well as in 
remote areas such as volcanic sites and coastal areas. 
MAX-DOAS and Imaging-DOAS measurements of ClO 
and BrO emitted from Sakurajima volcano and Anmyeon 
Island located off the coastal area in Korea were also 
conducted. Development of AMAX-DOAS is now 
underway for airborne trace gas measurement by scanning 
the relatively larger areas. The results obtained from active 
and passive optical methods can be used for validation of 
and improvements of atmospheric chemical transport 
models. ADEMRC has also participated in various 
international field studies such as ACE-Asia, ABC, APN, 
PRD, CareBeijing, and IGAC Mega-Cities. The results 
obtained from those campaigns can be used to monitor 
and predict the atmospheric environmental change by 
integrating with a 3-D chemical transport model, and 
provide scientific basis for formulation of control policy 
for air quality improvement and climate change mitigation 
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Fig. 1. An Integrated Monitoring System at 
GIST/ADEMRC 
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Table 1. Average values of the lidar ratio, Angstrom exponent, depolarization ratio, and relative humidity for different types 
of aerosol observed in spring. 
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Fig. 2. Lidar ratio at 355 run vs. 532 run for diferent aerosol 
types obtained in spring [Noh et al., 2008] 
2. Integrated Monitoring system 
An integrated monitoring system used in this research is 
composed of various optical sensing techniques such as 
multi-wavelength LIDAR system, Sun-photometry, 
MAX-DOAS and satelite monitoring as shown in Figure l. 
A multi-wavelength LIDAR system which use the 
Nd-YAG laser as a light source has been used to retrieve the 
vertical profiles of the backscatter coeficients, extinction 
coefficients and lidar ratios of a血ospheric aerosols from 
the simultaneous detection of three elastic-backscatter 
signals (1064, 532, and 355 run) and two Raman signals 
(607 and 387 run) backscattered by nitrogen molecules1l. 
The aerosol backscatter coeficient, extinction coeficient, 
and lidar ratio at 355 and 532 run were detein血edfrom the 
elastic and inelastic return signals according to the method 
described by Ansmann et al.(1990)2) and Whiteman et al. 
(1992) 3l_ Radiosonde data collected about 5 lan from the 
lidar site provided information on the vertical profiles of 
pressure, temperature and relative humidity, which allowed 
an accurate correction of the Rayleigh scattering efects on 
a 
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th . e signals. Based on the'Error propagation equat:ton , , 4) 
typical statistical errors for the determination of the aerosol 
backscattering coeficient, extinction coefficient and lidar 
ratio in the middle part of the observed aerosol layers were 
5-15%, 5-15% and 15-30%, respectively. 
The column aerosol optical depth (AOD) and size 
distribution are obtained through the ground observation 
from sunphotometty. Total column-integrated volume size 
distributions, effective radius (retr), single-scattering albedo 
低）， spectral aerosol optical depth (AOD), and Angstrom 
exponent 位）between 440 and 870 run were detem血edby 
the AERO NET retrieval algorithm 5l, 6l. 
The sequential MAX-DOAS system mainly consists of a 
small aluminium box containing a miniature spectrograph 
and a telescope. The miniature spectrograph (Ocean-Optics 
USB2000, cross Czerny-Turner type, 1/f = 2.2) consists of a 
grating (2,400 grooves mm-1) yielding a spectral coverage 
of 289 to 431 run (at 0.7 run FWHM spectral resolution) 
and a CCD detector (2,048 pixels at 14 mm center-to-center 
spacing), which was coupled to a 12-bit ADC connected to 
a laptop computer via USB intetface. The spectrometer was 
kept at -10ｰC by thermoelectric cooling to reduce the 
thermal noise. The MAX-DOAS box was attached directly 
to a stepper motor, allowing sequential measurement of 
scattered sunlight at various elevation angles between 10ｰ 
and 90ｰabove the horizon. The Imaging-DOAS instrument 
employs pushbroom imaging to acquire a spectrum of 
scattered sunlight in one spatial direction simultaneously 
with a 2D CCD detector, which corresponds to one column 
of the scene. The spectrum is acquired in the second spatial 
direction by scanning the field of view with a motorized 
scanning m虹or. Details of the measurement principles for 
1-DOAS are described elsewhere . 
3. Results 
Optical characteristics of atmospheric aerosols were 
measured with the GIST/ADEMRC multi-wavelength 
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lidar system at Gwangju, Korea (35.lO"N, 
126.53ｰE) d血g several observation periods between 
February 2004 and May 2005. Seasonal variation of the 
lidar ratio ふ at 355 and 532 run showed lower values in 
spring (55.0 士 9.5 and55.6 士 9.0sr) than in the fal (61.4 士
7.5 and 63.1 士 12.8 sr). A low mean value of 51 sr at 532 
run was observed for Asian dust particles in spring, and 
was clearly distinguishable from values for non-dust (60 
sr) and smoke (65 sr) aerosol . 8) 
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Fig. 4. Slant column densities of Br0, ClO and S02, 
measured by a series of scans through the Sakurajima 
volcanic plwne on 28 May 2004 [Lee, C. K. et al., 2005] 
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Fig. 5. 2D distributions of S02 retrieved using the GIST 
Imaging-DOAS for the Sakurajima volcanic plume on 14 
November 2005 
Very high lidar ratios were observed above the planetary 
boundary layer in the fal, and are believed to have largely 
resulted from an increased amount oflight-absorbing particles 
in the fine mode of the particle size distribution, generated by 
coal combustion and agricultural biomass burning. Fig. 2 and 
Table 1 shows the optical properties and lidar ratio 
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distribution of categorized aerosol at wavelengths of 355 
and 532 nm8l. Dust and smoke aerosols can be clearly 
distinguished. Non-dust aerosol shows a higher lidar ratio 
at both wavelengths compared to other aerosol forms. The 
non-categorized aerosols show a distribution similar to one 
of the dust aerosols. The high lidar ratio in comparison to 
pure Asian dust must have been affected by this mixing 
with fine pollution aerosols. 
Successful remote measurement of significant amount 
of ClO (as well as BrO and S02) in a volcanic plume 
from the Sakurajima volcano in Japan was made using 
ground-based multi-axis diferential absorption 
spectroscopy9l. BrO, CIO and S02 were detected in each 
scan through the plume (Fig. 4) . The cross-sectional 
distribution of slant column densities was characterized by 
maximum SCDs in the viewing direction (elevation 
angle) toward the center of the plume at any other 
elevation angle, as shown in Fig. 4. SCDs measured 
during the measurement penod ranged up to 1.4 x 10 15 
5.9 X JO 16 18 1.3 x 10 I -2 • molecu escm m the center of the 
plume for BrO, ClO and S02, respectively. The SCDs of 
BrO and ClO are highly correlated with that of S02, with 
a Pearson's correlation coefficient of 0.89 for BrO and 
0.91 for ClO. The Br0/S02 and CIO/S02 molecular 
ratos measured were I .0x 10— and 4.9 x 10-2 which 
correspond to the mass ratos of I .5 3 X 10-and 3.9 X 10— 2 
respectively. 2D distributions of S02 have been 
successfully retrieved using the GIST Imaging-DOAS 
(Fig. 5) for the Sakurajima volcanic plume. It was found 
that BrO emission from the crater at Sakurajima volcano 
was negligible during the measurement period. S02 SCD 
from the crater were successfully measured to be 
0.2-4.5 x 1018molecules cm-2. 
During the CA邸BEIJING campaign in 2006, 
imaging-DOAS measurements were made from 08:00 
until 16:00 on September 9 and 10 over Beijing, China10l. 
Detailed images of the near-surface N02 Slant Column 
Density (SCD) distribution over Beijing were obtained. 
Images with les than a 30-min temporal resolution 
showed both horizontal and vertical variations in N02 
distributions. For SCD to mixing ratio conversion light 
path length along the lines ofl-DOAS sight was estimated 
using the light-extinction coefficient and Angstrom 
exponent data obtained by a transmissometer and a 
sunphotometer, respectively. M血g ratios measured by 
an in-situ N02 analyzer were compared with those 
estimated by the I-DOAS instrument. The obtained 
temporal and spatial variations in N02 distributions 
measured by I-DOAS for the two days are interpreted 
with consideration of the locations of the major NOx 
sources and local wind conditions. I-DOAS measurement 
has been applied in this study for estimating N02 
distribution over an urban area with multiple and 
distributed emission sources . 10) 
The six-year (200企2005) record of aerosol optical 
thickness (AOT or -r) data from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) was analyzed over 
the Northeast Asia. The MODIS AOT standard products 
(MOD04_ L2) over both ocean and land were collected to 
evaluate the spatial and temporal variability of the 
atmospheric aerosols over the study region (32ｰN-42ｰN 
and 1l5ｰE-I33ｰE). The monthly averaged AOT result 
revealed slight changes, which was almost unchangeable 
over Korea. In contrast, the large AOT values (> 0.6) and a 
significant AOT increase (> 0.004 廿month) over East 
China were observed . I) 
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Fig. 6. (a) Average AOT distribution for 6 years during 
2000 to 2005 over Northeast Asia. Each pixel has 0.1ｰx 
0.1ｰresolution retrieved with latitude of 32ｰN to 42ｰN and 
longitude of 115ｰE to I33ｰE. (b) Average monthly AOT 
change rate at each pixel over the observed area by 
TERRA/MODIS from 2000 to 2005(Lee, D. H. et al., 
2006). 
Aerosol optical depth has been retrieved from satellite 
data using the modified BARE algorithm at 
GIST/ADEMRC. Fig. 7. shows MODIS-retrieved AOD 
on 20 May 2003 as the smoke aerosol plume originated 
from Russian Siberian forest fires transported toward 
Korea. Very high AOD (> 2.0) with a maximum 
exceeding 3.0 was observed over Korean peninsula . 12) 
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Fig. 7. (a) MODIS RGB image and (b) MODIS retrieved 
AOD at 555 nm on 20 May 2003(Lee, K. H. et al., 2005). 
4. Conclusions 
Vertical profile variation of optical properties such as 
aerosol extinction coefficient, depolarization ratio and size 
distribution are calculated using simultaneous observation 
data by multi-wavelength Raman LIDAR system. And 
these results can be compared with sunphotometer 
measurements. Also satelite data analysis results can utilize 
to detect horizontal distribution and transportation of 
aerosol in wide range and increase the accuracy and 
confidence of data through comparing analysis with 
LID AR and sunphotometer observation data on the ground. 
An integrated atmosphere monitoring system of 
GIST/ADEMRC can monitor origin and pathway of 
atmospheric aerosols in 3-D and be expect to offer essential 
information to predict the fine particle concentration 
through the data ass血ilation with atmospheric chemistry 
transfer model (CTM). The applications of passive DOAS 
techniques are introduced for remote sensing of trace gases. 
Those passive and active optical methods have 
demonstrated the enhanced capability to investigate the 
atmospheric enviromnent change. 
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